Objective: To determine whether the general Charlson Comorbidity Index (CCI) and the head and neck cancerspecific Washington University Head and Neck Cancer Comorbidity Index (WUHNCCI) were useful for predicting cost of treatment for elderly patients with head and neck cancer.
cancer squamous cell carcinoma are typically older than the general population and often have concurrent comorbid conditions. 1,2 These comorbidities may be relatively benign, such as peptic ulcer disease or hypertension, or they may be severe and threaten survival, such as myocardial infarction, ventricular arrhythmia, and stroke. 3 Many risk factors for head and neck cancer squamous cell carcinoma, such as tobacco and alcohol abuse, also place patients at risk for atherosclerosis and other malignancies. 4 Severe comorbidities may drive treatment selection and affect patient outcomes. For example, patients with morbidities may not be candidates for long extirpative surgical conditions and, therefore, may be more likely to be treated by chemotherapy and/or radiation. Several studies of cancer prognosis suggest that concurrent comorbidities may significantly affect survival, even after controlling for disease stage. 1 Comorbidity indexes such as the Charlson Comorbidity Index (CCI), a general comorbidity index calibrated to the general medical population, and the Washington University Head and Neck Cancer Comorbidity Index (WUHNCCI), specifically calibrated to the head and neck cancer population, can be used to improve the description of patients with head and neck cancer by better measurement and quantification of the comorbid illnesses that affect prognosis and treatment selection. [5] [6] [7] [8] Whether these indexes are useful in predicting costs is unknown. The purpose of this research was to determine whether these indexes might also be useful for predicting cost of treatment for elderly patients with head and neck cancer.
METHODS

PATIENTS
This was a retrospective, noncontrolled, nonrandomized study. We studied 2520 Medicare patients with squamous cell cancer of the lip, oral cavity, larynx, and oropharynx who were treated between 1984 and 1994 using the Surveillance, Epidemiology, and End Results (SEER)-Medicare-linked database. 9, 10 We limited the analysis to patients who were treated with surgery or combined surgery and radio- 
COMORBIDITY INDEXES
The CCI was computed using the Deyo adaptation for International Classification of Diseases, Ninth Revision codes. 6 The WUHNCCI was computed as described by Piccirillo et al.
3
COSTS
Mean cumulative 1-year and 5-year Medicare payments for all health care services were estimated for each patient. This was done by summing all Medicare payments for each patient up to 1 or 5 years or until the patient died. Note that this includes all payments for all health care services, not just for cancer care. In addition, this method does not account for censoring due to death.
STATISTICAL ANALYSIS
Our statistical analysis was designed to fit linear models to 1-year and 5-year costs. This would allow us to study the effect of the WUHNCCI and the CCI on both short-and long-term costs. Histograms of 1-year and 5-year costs (Figure 1) suggested that the cost data violated the normality assumptions for linear regression. To account for the skewness of the data, we fit costs to generalized linear models assuming gammadistributed errors and a natural log-link function. We estimated the impact of the comorbidity indexes on costs, controlling for demographics, primary tumor site, tumor stage (local, regional, or distant), and treatment modality. All analyses were performed using Stata SE software (version 8; StataCorp, College Station, Tex). Table 1 , including demographics, primary tumor site and stage, treatments, comorbidities, and outcomes. As seen in Table 1 , patients were predominantly white and male, with a mean age of 73 years. Most cancers occurred in the lip and oral cavity (50.3%), followed by the larynx (33.3%). Most disease was local (45.8%), although there were almost as many patients with regional disease (41.6%). Treatment was evenly split between surgery (48.3%) and surgery followed by radiation (51.7%). One-year survival was approximately 97.6%, dropping to 28.9% by year 5. Costs rose on average from $15 419 at 1 year to $22 299 at 5 years.
RESULTS
Patient characteristics are presented in
Results of our multivariate analysis of the effect of comorbidities on 1-year costs are presented in Table 2 . Neither the WUHNCCI nor the CCI was significantly associated with 1-year costs. The association between the WUHNCCI and 5-year costs was statistically significant (PϽ.001), but the CCI was not significantly associated with 5-year costs (Table 2 ).
In addition, there were other factors besides comorbidity scores that were associated with costs. Stage, site, sex, race, age, and treatment were also significant predictors of costs (PϽ.05). Specifically, the presence of regional and distant metastases are predictive of both 1-year and 5-year costs, which may be expected since these parameters reflect patients with stage III and IV cancer. Likewise, the use of radiation is predictive of cost at both 1 and 5 years. However, the negative coefficient implies that patients treated with radiation therapy have, on average, significantly lower costs than those not treated with radiation. This is an interesting finding given that this modality is used in conjunction with surgery in patients with more advanced disease (stages III and IV). Female sex is predictive of 1-year but not 5-year costs. Race is predictive of 5-year but not 1-year costs, and age is predictive of both 1-year and 5-year costs. Laryngeal primary cancer is predictive of 1-year but not 5-year costs.
To further explore the effect of the WUHNCCI on costs, we present the marginal effect on 1-year and 5-year (Figure 2) . The effect of the comorbidity index is nonlinear, so the effect of a 1-point increase from 1 to 2 will not be the same as a 1-point increase from 9 to 10. In presenting the marginal effects, we assumed a 60-yearold white man with local disease, treated with single modality surgery. As seen in Figure 2 , a 1-point increase in the WUHNCCI (from 4 to 5) is associated with an increase in 5-year costs of approximately $2105. Furthermore, the effect of a 1-point increase in the WUHNCCI on 5-year costs depends on the starting point. An increase from 0 to 1 is associated with approximately $1658 higher 5-year costs, and an increase from 9 to 10 is associated with approximately $2837 additional costs over 5 years.
COMMENT
These results suggest that comorbidity indexes for head and neck cancer may be useful for prognostication of patient outcomes and predicting costs. Moreover, the more specific WUHNCCI had better predictive power in the cost models than the more general CCI, suggesting that an index of comorbidity specific to head and neck cancer may have greater utility in predicting resource use.
Several limitations need to be acknowledged. As with any study using Medicare data, all patients were 65 years or older, which raises concerns about generalizability to younger patients. This is particularly true for head and neck cancer because the average age at the time of diagnosis of oral cavity or oropharynx cancer is 56. 11 There are also other concerns that arise from the use of a Medicare population. The Medicare databases do not contain pharmacy costs; therefore, costs for pharmaceuticals could not be included in the analyses. A related limitation is that patients enrolled in Medicare managed care organizations would not have any cost data. Enrollment in Medicare managed care increased over the time frame of this study, and we were not able to include these patients in any analysis of costs. A final limitation is that our methods for cumulative costs do not account for censoring because of death. Thus, these results must be viewed as conditional on the survival observed in the sample.
Prediction of costs is a powerful tool for health services researchers to study resources required to care for various diseases such as head and neck cancer squamous cell carcinoma. These studies could provide data for evidence-based analysis of various diseases and/or therapeutic interventions. These data may be used by policy makers or payers to allocate limited resources for various health conditions or interventions. The WUHNCCI appears to show promise in stratifying patients with head and neck cancer squamous cell carcinoma for the purpose of evaluating which therapeutic interventions might yield the most clinical and costeffective outcomes.
